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""}rEXPEHin^^^ brakes* . * 

• , ' 3y. Franz 5 iiiciiael . • ' ' 

The attempts to check the length of ' rxin of an airplane 

by brakes .go iDack. to the earliest days of flying. At one 
time it was essayed to produce the . necessary arresting force 
by nie.an.s of a hook, f asto.ned to' the. landing gear which, it 
wi^is . liopod , . would, bury it solf in the ground, upon landing..^ 
But the . oxpejri.ment.s with .these. more or. loss abojtivo designs 
were doomed to' failure because of the ,uncontrolla,ble magn.i- 
tude of the prevailing braking force, and it is to the cred- 
it 'Of American aviation that, the problem of brakes has at 
las.t. .been . seriously, considered, in connection wi th. aircraft*. 
Disrjcgar.din^g, the prejudice against brak9s prevailing in E^^- 
ropo, where' their use had always beon associated.- with a ton- 
doncy f or pitching, of the airplane, on. its nose, the United 
Sta'yos ospcrimontod. with accepted automobile brakes for air- 
craft use, and tho results wore oxcp.cdingly gratifying. 

In Crcrmany tho question of brakes received a now impe- 
tus by -.the abnormal . lengths of . r.tin of . largo airplanes when 
usi;ag tail^-skLd shoes and wheels which wore sp.eci.aliy do.- . 
•signed for turf protection, .-.The dcvclppmont^ of German wheel 
brakes for airplanes is primarily due to the' efforts of- the 
Junkers Airplane. Company, the Knorr 3rake Company.,, and the^ 
Elektroa lie tjal- Company, 

T7henever- the expression "airplane, brake" is. used in-, 
the following. It moans braking. :0f. the' .airplane by tho^ 
.ground friction upon, landing, or., rolling, It^ does not in- 
clude' aorodynamic braking device.s which., 'by chaingc s ^ in air 
rosistanco or propeller ^thrust, produce a docoloration. of 
the airplane prior ..t-p-v'touchljig thq ground. 

The replacement of tho already s.trongly deco.le'rating 
tG,il skid by o,/spocial^ tail wheel, in particular," was but 
one step removed from equipping this tail, .wheel with .a . . 



*"Versu'ch6' mit' Flugzougbrcmson . " Zoitschriff fur Flugtcchr- 
»niV und Uo torluf t schif fahr t , llay 33-, 1S31, pp," 302-312:, 
and Juno ■ 15V lS-31, pp^. 333-344. ' • .••:../:.••* 
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"brake. Proposals of this nature have, in fact, been fre- 
quently made, "but had to be rejected upon closer examina- 
tion. Efficient braking effect of the tail wheel would, 
by virtue of the small amount of airplane weight resting 
on the tail, require such an abnormally high coefficient 
of ground fiction, that it would hardly be possible not 
to injure the turf, which was precisely the object of the 
special tail wheel. 

•Based 'upon the experibncp.s gained with automobile 
brakes, the first attempts consisted in equipping the' 
?^hoGls*.of small and medium size airplanes with direct- 
acti^ig rAochanical braJces operatpd by hand, or foot. Anoth- 
er pofii tivo-acting brake is the much used oleo-pneumatic ^ 
brake, particularly in foreign, countries. , ~ To over come oil 
leakage the pilot has a brake lover, which operates- a small 
hydraulic p\imp, A few backward and forward movements of 
this lover take up all the brako . clearances, and any fur- 
ther pressure on the lever applies to the brake. Since- 
the transmission may not bo raised arbitrarily, while on 
the other hand low actuating force is desirable, the 
wheel size for direct-acting brakes is limited to 1020 X 
175 mm (40,16 X 5.89 ill.) wheels for mechanical brakes, 
and slightly higher for olep brakes. 

For greater braking energies, as necessitated on 
large airplanes, the application of indirect-acting brakes, 
is recommdnded|. and this report deals primarily with brakes 
of this kind. Th^ principal advantage of the indirect- 
acting brake is that it releases the pilot; he merely en- 
gages the bralce and sets it to the desired pressure, which 
calls for no special efforts. A very simple exponent of 
this type of indirect-acting brake is the compressed air 
brak.e, which is therefore specially suited for very high 
braking forces* The advantages in using compressed air for 
actuation lie in the case with which the braking effect may 
bo fitted to a particular airplane, in the sensitiveness 
of the gradation, the proci so limitation of the highest 
permissible braking pressure, and the suppression of any 
difficulties when applying the brakes. In addition, the 
compressed air brake ensures balancing of the energizing 
forces of the brake shoes of several wheels by prescribed 
equivalent braking. When the energizing forces are equal . 
no exact balance is necessary, because the different wheels 
always will show some slight discrepancies in brake effect. 
But it is absolxitely necessary .that the -energizing forces 
of the brake shoes balance one another. 
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The chief disadvantage of this type of "brake is that 
a supply of compressod air or else an air compressor must 
be carried on the airplane. When the compressed air con- 
tainers or cylinders are of light metal it is possible to 
carry 4 liters (244,1 cu.in,) of air at 150 atmospheres, 
weighing 4 kg (8 ,82 lb.) - a supply ample for more than 
100 braking operations. If the airplane is large enough 
to carry an auxiliary power plant it is advisable to in- 
clude a small air compressor which automatically keeps 
the pressure at a constant minimxim. The compressed air • 
cylinder must be large aiid tight • enough to ensure satis- 
factory braking, especially when needed most, that is, in 
case of a forced landing, when the engine, and through it, 
the compressor, stop's. 

The construction of brake wheels began with wire 
v/hoels which wore often simply modified to rocoivo a brake 
drum. There has been a persistent attempt in Germany to 
abandon the wire wheel for the disk wheel, particularly 
for the larger sizes where the elektron castings offer 
special advantages. For several years the use- of cast ^ 
elektron wheels has gained considerably. Heceritly such 
wheels were also equipped with brakes. Thus, Figure 1 
shows a cast elektron wheel 1300 X 300 mm (51.18 X 11.81 
in.) with the brake shoe arrangement of the Elektronmetall 
company (original type). The brake drum is 500 X 50 mm 
(19.69 X 1.97 in.); operation is by compressed air at 3 
atmospheres. (The shoe arrangement is type I of Figure 
3.) Fig\ire 2 shows the same v/heel mounted with a brake 
of the Enorr Brake Company, which operates at 6 atm. (shoe 
arrangement VI in Figure 3). However, since the use of 
compressed air for brake actuation still tends to make 
installation somewhat complicated, it was imperative to 
malce the mounting in the wheel as simple as possible- 
For that reason no radically now types were resorted to, 
'but the internal expanding types were used which, in or- . 
der to gain an idea of their effect and treachernousness , 
are in need of some explanatory notes, particularly as 
concerns the "servo action." 

In the automobile industry the internal expanding 
•type of brake with- servo action is an arrangement in 
which the one brake shoe is assisted by the subsequent 
one, with the result that the frictional forces of the 
first brake shoo raises the energizing pressure and 
through it tlie braking effect of the second shoo. In 
principle it pertains, therefore, to the utilization of 
the friction on brake shoes for creating normal forces 
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and through it new frictional forces. With this as start- 
ing point, it is advisable to go into the conception "ser- 
vo action" a little more in detail. When a small piece 
of 'orake lining is pressed at a given constant normal 
force against a "brake drum, a "braking torque corresponding 
to the friction coefficient is produced as soon as the 
drum rotates. If the coefficient of friction rises, the 
braking torque, because of the constant normal force, in- 
creases precisely proportional to it, or in other words, 
the frictional force does not influence the normal force; 
tliere is no servo action. In the following, . wo speak of 
a "positive servo action" when by constant actuating force 
the retarding effect of a brake by increasing friction co- 
efficient |JL of tho lining rises stronger than propor- 
tionately to and of a "negative servo action" when by 
increasing \x the rise of tho braking torque is less than 
proportionately to |Ji, 

In order to gain an insight into the -method of oper- 
ation of different types, a series of brake-shoo disposi- 
tions (fig. 3) are mathematically investigated: 

I Two shoos with positive sorvo action, separate, 
but equal actuating force; 

II Two shoes, with positive servo action, the first 
shoe assisting the second; 

III Three shoes with positive servo action; 

IV Internal expanding brake with angle of contact = 
300^; 

. V One shoe with positive, the other with negative 
servo action, both shoes separate, but with 
equal actuating force; 

VI One shoe with positive, the other with negative 
servo action, balanced by cam operation; 

VII First and second shoes with positive, and third 
shoe with negative servo action; first and 
third shoe separate but with equal actuating 
force; the first shoe energizes, the second; 

VI.II First and second shoe with positive, the third 

with negative servo action, partially balanced 
by cam operation; 
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IX Two shoos with nogativo servo action and separate, 
hut e qual ac t uat i ng f o r c e * 

The difference in the stationary pins from the mova- 
hle pins is readily* noted in Pigure 3, 

The determination of the servo action of these brake- 
shoe assemblies for arhitrary operating conditions is 
hopeless because of the excessive number of variables af- 
fecting the transaction. However, it is possible to gain 
a clea^r conception of the merits of the divers arrange- 
ments for a few limiting cases by very simple calculation. 
In the comparison the brake drum diameter was kept con- 
stant « 

We began by examining the forces acting on the brake 
shoos, For the determination of the load distribution 
over the shoes it was assumed that the brake linings fol- 
low Hookers law, are neatly fitted and bedded in by wear. 
The assumption of Hookers law, that is, the proportional- 
ity between compression of the liaing and the absorption 
of force, is fulfilled to a certain extent for the load- 
ing, as becomes apparent from the load tests described 
further on. But there is a material discrepancy at un- 
loading. From the load distribution we merely defined the 
position of the normal force resultant j while for the rest, 
the effect of the distribution was disregarded in the com- 
parison of the different shoo dispositions. 
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In addition, the same fricti.ori coefficient for all sho.es 
and the same braking torque for each "brake was assumed, 
thus making for an ideal ' con:dition* The. forces obtained 
for \x = 0,5 as plotted in figure 5 at an arbitrary scale, 
are valid for all forces. If the silm of the normal forces, 
which' i s the Same for all arrangements, equals 100^, and 
all force s . are expressed in pdir cent of this normal force 
summation, the result is a comprehensive comparison of the 
various brake-shoe arrangements with respect to the forces 
under ideal . operating attitudo# These values are appended 
in Table I for |jL = 0,3 and |jl = 0.5, The discrepancies 
between the individual shoe "arrangdmont s are enormous in 
part as, for example, a coefficient of friction \i = 0.5 
in the three-shoe type (III in fig. 3) yielded only 3.5^ 
of the 'required actuating force, while in arrangoment IX 
(fig. 3), it rose to 78^ as a res\tlt of the ncgativp servo 
action. Another remarkable fqaturo is that arrangements 
I, TI, and IX possess no "free forces" which must be di- 
verted into the landing gear, for which reason the braking 
torque in these arrangements is preferably transmitted 
.without free forces by a couple of forces (flange) to the 
' landing gear. . - 

The distribution of the braking effect ^over the var- 
ious shoes is readily seen in Table I. As the coefficient 
of friction decreases the discrepsncios due. to servo ac- 
tion bocoine SFia^ller. 

In the determination of the forces a constant operat- 
ing attitude for each brake was used as basis. Now, if 
for any rpason the friction coefficient changes while the 
pilot actuates the brake with constant pressure, that is, 
while he expects a constant braking effect, a change in 
braking torque occurs which again is an index of the ex- 
tent of. the servo , action of ' a.br^e-shoe arrangement, 

Figures 4 and 5 show the variation in braking torque 
plotted against \x for the divers arrangements, with the 
bre.iing torque for . = 0.3 (fig. 4) and \x = 0.5 (fig. 5) 
equal to 100^, that is, corresponding to the accepted 
brr»iing torque, for which the brake is designed. 

In order to bring out tZie effect of the servo action 
more, clearly the .llf\x curves in Figures 6' and 7 were plot- 
ted against (jl, with preci sely " the same assumptions as in 
Figures 4 and 5, The attitude of missing servo action in 
Figures 6 and 7, is shown by the horizontal - constant 

= 100^. Positive servo action denotes a rise in the curves 
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when LL increases, hence ■ } ■■ 
tive servo action, accordingly. 




§^JiiX is negative (ar- 



is positive. By nega- 



rangeaent IX, fig* 3), Th© "brakes with large positive 
servo action show the greatest fluctuations. Tor instance, 
a change in [i from |jl = 0.5 to \i = 0.6 in the three- 
shoe arrangement (III, fig* 3) resulted in an increase of 
almost 100^ in braking torque. (Fig. 5.) As the servo 
action diminishes, the effect "becomes smaller until at 
arrangemient VI, "by missing servo action the hraking torque 
varies only proportional to [x, although even, in this ar- 
rangement the shoes operate separately with servo action. 
But due to the cam operation the energizing paths of the 
two shoes are no longer independent of one another. The 
equilibrium dema-nds equal normal forces along both shoes, 
with the provision, of course, that the elastic conditions 
in both shoes are exactly alike, that they wear the same 
and have the same amount of clear an cew ' . 

If the initial attitude M = 100^ is at |jl = 0.3 
(fig. 4), the changes in braking torque by equal variations 
in friction coefficient (expressed in percentage) are 
slightly smaller, but in the arrangements with large servo 
action they always are very prono\inced. 



As second important disturbance of the ideal operat- 
-ing attitude, "irg^'B^X'amined the effect of a changed load 
distribution along. the brake lining. Figure 8 shows an 
arbitrarily shaped shoe whose load distribution along the 
brake lining is very conducive to ideal operating attitude. 
The normal force resultant is almost in the center of the 
brake lining, and the change in load per unit area along 
the lining is moderate. How, any disturbance set up in 
this distribution through uneven wear or clearance along 
the lining shifts the normal force resultant upward or. 
downward. This may cause a very essential change in brak- 
ing effect, and constitutes the principal danger in shoe 
brakes embodying the otherwise excellent servo action. 
In order to estimate the highest overload which may occur 
here we determined the magnitude of the normal force re- 
sultant for different points on the brake lining and ^)lot- 
ted them in the middle position in per cent, of the normal 
force resultant. T^^ diagram denotes a very pronounced 
rise in normal force resultant and, through it, in braking 
effect, as soon as . the r o suit aiit appro ache s the upper ex- 
tremity of the brake lining. In order to remedy this, a. 
displacement . of the pivot was effected which lowered the 
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peak considGrably,' On the other hand, .it shov-ld bo noted 
that shifting the pivot entails a change in load distrihu- 
tion in the case of the above dosignc.ted ideal operating 
attitude, and that the .horo^ discussed investigation must 
be made for the possible maximum friction coefficient of 
the utilized brake lining. The result is a compromise 
which must be effected in order to ensure a favorable so- 
lution. 

Moreover, the investigations prove the 'significance 
of the snug fit of shoos and lining to the br-ako drum. 
In brakes with high servo action especially, the- lining 
should bo worn in gradually before attempting to apply the 
maximum braking pressure. Another possible improvement in 
brake lining fit, may bo accomplished by reducing the wheel 
hub clearance, say, by using ball bearings. Attempts 
sho".ld bo made to equip the wheel hubs with needle bearings 
and to subject them to a series of tests. 

The calculations made for several liraiting cases re- 
veal, although far from conclusive information, consider- 
able data. as to the merits and demerits of the servo ac- 
tion. To make this information complete, we would have to 
' inclxide the effect of the load distribution and the shoe 
length, the deformation of shoes and drums due to mochan- 
ical and thermal stresses, etc, Sut this is impossible 
unless a very detailed arrangement is available for inves- 
tigation at the same time that actual bralce measurements 
are made, ITow the question arises whether or not servo 
action is at all to be recommended on airplane brakes. 
If direct-acting brakes are used for high braking pres- 
sures, the servo action becomes almost a necessity. As a 
matter of fact there is no objection to the use of servo 
action if the dangers are sr.itably reduced by correspond- 
ing design, of the brake shoos. One advantage of indirect- 
acting brakes is that thoy permit very high braking forces 
easily even without resorting to servo action* But unfor- 
tunately this is at the expense of increased weight, be- 
CGAise the" act\iating forces become considerably higher. 
One may even go a stop further and use indirect-acting 
brakes with negative servo action, thus approaching the 
very desirable attitude of minimum effect of friction co- 
efficient from variations. Sut unfortunately, a limit in 
still ^^reater extent is encountered, as becomes evident in 
the air consumption of compressed air brakes. 

The braking effoct of the landing wheels was estimat-- 
ed from a number of pull-up tests made with a Jankers A 24 
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(owned "by the D»V.L,.) .at landing and rolling. These meas- 
urements were preceded hy a series of wear-in experiments 
of brake linings and of achock on the various instru- 
ments* • }.:r» Biochtoler of tho D.V.L, flight section was at 
the controls* during all these flight tests, while the 
readings and the paper work worq in the hands of my asso- 
ciates, Graharse and - Schumacher . 

The gross weight of 5100 kg (ll,243,55 lb.) was con- 
stantly maintained . for all flights, and.no. changes in trim 
were effected. Figure 9. shows the airplane with its re- 
spective C#G. position, so. as to facilitate the estimate 
of the possible braking ef feet . (danger of nosing over). 
The friction coefficients of the ^various brake linings 
were not confirmed by laboratory tests. Such measurements 
are of great value in all problems of brake lining dovol- 
opnicnt , and when it is. attempted to effect some improve- 
mer*t by relatively simple comparison tests as, for exam- 
ple, in behavior under different temperatures. But the 
conditions under which the brake linings actually work are 
difficult to simulate in the laboratory, and ' the result s 
of such tests are in most cases to bo interpreted rela- 
tively. In order to obtain some data on the conditions as 
they actually occur in the wheel brake, even at the risk 
of not always being able to. separate the individual fac- 
tors affecting the procedure, the flight tests were. pre-, 
f erred. 

The primary object of these brake tests was to define: 

1. The coaction of wheel braking with dif ferent . forms 
of tail skids and the obtainable reduction in 
run; 

2m The deceleration of the airplane and its variation 
during the run; 

3., The existing braking torque and the effect of the 

ground condition on the possible braking effect; 

■ 4. The behavior of various brake linings under dif- 
■ ferent operating attitudes. 

The simplicity of the test instruments is of primary 
importance, .so that the braking effect may be estimated as 
soon as one tost has boon completed, For measuring tho 
actuating forces the air pressure was kept constant after 
ongaging the brake and tho pressure was road for each 



TS.AiC'mA. Technical Memorandum ITo. 536 



11 



•:7hcol individually on procisi oil pressure gauges mounted 
in the cockpit, as indicated iii Figure 10. -The precision 
gauges c are at the left^ the switchboard d for opto- 
grcph and dynamometer, at the right; a denotes the brake 
lover of the wheel brake of Figure 1, which is coupled to 
the rudder, b shov/s the brake lever' of wheel brake ac- 
cording to Figure 2 (temporary installation). The lever 
serves for two- and for one-side braking. 

At the ' beginning of the brake ' tests, it was attempted 
to measure the decolorations direct during rolling; but 
since they are comparatively small, and in addition, since 
much greater ones may be set -up perpendicular to' the direc 
tion of rolling due to landing shocks , "irhich make the de- 
'termination of the component in the direction of- rolling 
more difficult, this method was soon abandoned for path- 
time diagrams even though they are not quit6 as accurate, 

Aradng the eqiiipment shown in Figure 11, is a light 
test wheel with electric lights, and which- during rolling 
is pressed against the ground by rubber corda A D.V*L« 
optograph is mounted below the third ce-bin window, in" ad- 
dition to a film camera set for the top edge of the test 
wheel rotation. For each wheel rotation the lights on the 
test wheel pass once through the focus of the optograph 
which records the test-wheel revolutions with respect to 
the time interval. 

Figure 12 is an optograph record of a- landing' without 
brakes with 144 test-wheel revolutions from the time the 
la.nding wheels toTidied the ground to pull-up. Figure 13 
shows the corresponding optograph record for a landing 
with full braking effect with 59.5 test-wheel revolutions 
and consequently, 42^ shorter run than in the landing with 
out brakes. 

Aside from the deceleration as defined by the pa,th- 
timc curves, it was hold desirable to measure the braking 
torque direct on the wheel bj means of a dyna^mornet er 
mounted in the transmitting rods of the braking torque 
and observed by means of a mirror from the cockpit*. Sub- 
sequently this was modified and the record mechanically 
plotted with respect to time interval. 

Figure 14 shows the dyna.mometer with recording mech- 
anism which prevents the brake disk from turning with the 
landing wheel. The pointer of the dynamometer is replaced 
by a thin paper-covered disk which executes rotary dofloc- 
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tions corresponding to the forces introduced. A recording 
pen, actuated by an electric motor, moves radially and at 
constant speed over the paper* 

The rolling and .landing tests were partly executed 
on the Berlin Adlershof flying field and partly at the 
Berlin Tempelhof airport. As far as possible the tests 
included the effect of the conditions of the ground and of 
tho weather on the "braking effect, which were made on 
grass-covered fields and on concrete runways. 

At the beginning of tho brake tests the tail skid was 
fitted with tho conventional shoe. But since this typo 
has boon ruled out as unsatisfactory, tho remaining exper- 
iments were made with turf -protecting tail-skid shoes or 
tail wheels, as shown in Figures 15 and 16, both of which 
were steerable. The wheel is of elektron and fitted with 
a solid rubber tire* These two types of tail skids and a 
wheel brake confbrmal to Figure 1 wore xised to make a ser- 
ies of comparative landings with tho primary object of do- 
fining tho taxying run and the rate of deceleration of the 
airplane. The reading of tho braking torque served to get 
a rough estimate of tho average occurring in braking. (Tho 
automatic recording dyna,momotor in Figure 14 was not used 
until later.) This test series also included experiments 
with tail wheel and whocl brake conformably to Figure 2. 
So as not to cause too much dolay tho experiments wore not 
restricted to measuremonts in still air or at a constant 
wind velocity. In fact, it was desirable to tost them in 
bad weather and in a strong wind also* The results of 
those tests aro shown in Tables II and III. 
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TABLE II • Landing Tests vith Tail Skid and Tail Wheel 
(Wheel brake as shown in Figure 1) 
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112 


13 


11 




3.8 


10.3" 


25,0 


139 


18 


n 


2 


(8) 


. 10.5 


21.3 


136 


10 


With 


3 


5.5 


10 


20.0 


127' • 




br a,ke 












14 . 


11 


3 


3.0 


11 


24,5 


149 


19 


n 


3 


(8) 


9.5 


22.9 


136 


63 


ii 


3 


0 


15,5 


26.5 


237 


.54 


11 


3 


0 


13.0 


26.8 


174 

















(m X 3.28O80 = ft.) 



Determined "by stoppage of airplane independent of opto- 
graph record* 

^Speed over ground. 

The bracketed figures are averages in gusty wind. 
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TABLE 11 (ContO 

Landing Tests with Tail Skid and Tail TThecl 
(Wheel breJce as shown in Figure l) 



With tail wheel 



Ti p 71 d — 






Wind 


Time n f* 


T, <Q 71 T Tl P* 




ing 


of 


pressure 


velocity 


rolling-'- 


speed* 


Pull-up 


No, 


"bralxing 


atm. 


m/ s 


s 


m/s 


m 


30 


Without 




2^8 


36p5 


24,0 


350 
















27 


11 




(5.5^ 


30 


22,0 


280 


31 


n 




3.8 


36 


2S«0 


299 


35 


tr 




3,8 


41 


20.2 


313 


58 


n 




0#5 


45«5 


24,5 


450 


79 


ti 




2-8 


42 


24 


415 


28 


With 


1 


(5.5) 


15.5 


24,2 


179 




"brake 












32 




1 


3.8 


14 


21.0 


153 


35 


It 


1 


3,8 


14 


25.4 


149 


29 


With 


2 


(5.5) 


11 


21.0 


140 




Drake 












33 


II 


2 


3,8 


12 


21.3 


128 


37 


« 


2 


3.8 


12 


22.7 


136 


34 


With 


2.5 


5,8 


12 


22,8 


139 




"brake 












38 


If 


3.0 


3.8 


10 


24.2 


125 


65 


II 


2.9 


1.0 


13,5 


29 


179 


56 


It 


3.0 


0.7 


12,5 


.25ol 


190 


57 


II 

^ 


3,0 


2,0 


12.5 


24,2 


153 



Determined by stoppage of airplane independent of opto- 
graph record. 

Speed over ground. 



(m X 3,280^3=.. ft.) 
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TABLE 


III. Landing Experiments with 




Bralce 






o ii 0 w xi in 










Wit 


h t a i 


1 w h e 


e 1 




Landing! 


Sralcing 


Wind 


Time of 


Landing 


Length 




pressure 


velocity 


rolling 


speed 


of run 


ITo • 


atm. 


m/s 


s 


m/ s 


m . 


82 


2 


2 to 3 


17 


25.8 


194 


83 


5.6 


2 " 3 


10 


21.5 


123 


87 


4 to 6^ 


5 " 6 


10 


25.0 


116 


88 


4 " 5 


5 " 6 


9 


22.2 


115 


90 


5 " 6 


4.4 


8.5 


25.0 


116 


91 


4 


4.7 


10 


23.0 


112 



3i*ake pressure applied progre ssively. 

(in X 3.28083 = ft.) 



Figures 17-21 sho^ the path-time curves of the land- 
ings at different degrees of "braking effect, Beca;use of 
the uneven landing speeds (Compare Tables II and III) and 
of the effect of the wind, the runs, and particularly 
those after landings without hrakos are scattered consid- 
erably. To ensure a "better comparison for estimating the 
brPvking effect the measured pull-up curves were again tab- 
ulated in Figures 19 and 20, but beginning at 17 m/s 
(55.77 ft,/secc) (61,2 km/h 58.03 mi./hr.) rolling speed. 
This reduces the scattering considerably in spite of the 
fact that the run without brakes but with tail wheel is 
still very much affected by wind, condition of ground, etc. 
The run of the airplane without breJkes and with, tail wheel 
was 10 to 20^5 greater in still air than when the special 
tail-skid shoe was used. These figures are valid for 
grass-covered fields. An airplane with idling engines and 
equipped with tail wheel is at times impossible to stop in 
a slight tail wind, whereas the tail skid still creates 
enough frictional resistance for braking. The use of tail 
wheels makes absolute dependability of the brake imperative. 

A comparison of the different measurements yields the 
figures for shortened runs by wheel braking, as appended 
in Table 17, 
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TABLE IV, Runs Shortened "by Wheel Brake 





Total length 
run (ra) 


of 


Hun, beginning at 
V = m/s 


Hun with 


tail 
skid 
shoe 


tail 
skid 


tail 
wheel 


tail 
skid 


tail 
■ wheel 


Without hrakes ^ 


100 


100 


100 


100 


100 


With bralces fo 


40 


35 


30 


30 


20 



(a X 3,28033 := ft.) 



These figures are obtainable without noting any tendency 
of the a,irplane to nose over in ordinary landing terrain. 
From the figures, one requirement may "be deduced, namely, 
that a good brake should ensure a shorter run by at least 
60^, Another important result,, according to these curves 
is, that even a moderate braking effect shortens the land- 
ing run considerably, whereas the applica-tion of greater 
brake pressures does not result in conformably shorter 
runs, TliQ reason for this is that during the first few 
seconds of landing the bra^ke is either not yet energized 
or, if previously engaged, the lack of ovenly strong 
ground pressure of the airplane prevents it from "becoming 
fully effective. Because of the high speed of the air- 
plane during these first few seconds, the rolling distance 
not utilized for brake action is considerable and practi- 
cally unaffected by the amount of applied brake pressure. 

In principle the bral^c should not bo engaged before 
the a,irplane ■ touches the ground. Several kinemat ograph- 
ically recorded landings with a different airplane of the 
sa.me type and mounted with the wheel brake of Figure 2 
are shown in Figure 22, They were made with "blocked" 
wheels at the Tempelhof airport and evince only slight 
discrepancies from the other piill-tip measurements,, more 
particularly as the airplane was fitted with a con-^en- 
tional tail skid, Thxis engaging the brake prior to sot- 
ting down is of no particular advantage. In most cases 
it merely gives an airplane a greater tendency to bounc- 
ing and roll erratically. 

This brings us to the deceleration of the airplane 
and its variations during the run. The decelers.t ion rec- 
ords of the landing (by optograph) are plotted in Figures 
22 to 24, The slowing up began as the airplane touched 
the ground with a speed of abotit 1 m/s^. In the landings 
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without "brakes tut with tail skid, it then dropped to a*bout 
0,5-0.5 m/s^ (1,64-1,97 f t e /sec** ^) and to about 0.3-0,4 
m/s^ (,984-1,312 ft. /sec. 2) when a tail wheel with solid 
rubber tire was used. 

By small braking effect the ,decelere.tion remained ap- 
proximately constant af ter . the ri se of engaging; but full 
bracing effect was in most cases accompanied l^y a inaximum 
deceleration in about the middle of the time of rolling 
followed by a drop toward the end of the run. The highest^ 
docoloration according to our measurements, amounted to 4 
m/s^ (13,12 ft, /sec. 2) in normal landings, and about 5 
m/s^ (16.4 ft./seco^) for the landings with blocked wheels. 
The drop in • deceleration after exceeding a maximun is due 
in part to the drop in air resistance, and very likely due 
to a decrease in coefficients of friction of the brake 
linings during the run. At any rate, a prono^jinced drop on 
the dynamometer pointer toward the end of the run could be 
noted. The first experiments were made with Ferodo fiber 
brake linings, which have a very high coefficient of fric- 
tion, but are also more susceptible to higher temperatures. 
As a result of the above experiences, various other kinds 
of brake linings wore selected for the. other tests. 

By normal braking the highest decoloration figures 
occurred at rolling speeds ranging between 70 to 85^ of 
the landing speed; that is, speeds acaompa^niod by pro- 
noxmced landing gear stresses in bad landings. 

In a subsequent series of rolling and la,nding te st s 
with a wheel brake according to S'ifure 1, we define^!, the 
braking torque from the dynamometer records, one of which 
is reproduced in Figure 25. The angular displacement cor- 
responds to the force in the rods tr a.nsmit ting the braking 
torque, while the distance of the curve point from the 
.center represents the time of rolling. The braking torqiie 
is plotted against the time of rolling in Figures 26 to 
28, The braking torques with. wheel bralve 2 were do-r- 

fined in the same way but, be.ing very similar to the oth- 
ers, were not reproduced. The fixed Vc^iluos pertaining to 
the braking torque curves may be obtained from Table V, 
which shows that, save for a few exceptions, the br?3kin*g 
pressure could bo kept exactly constant after the- brake 
was engaged, so that any variation in torque is to be as- 
cribed to fluctuations in braking effect in the individual 
brake shoes. In general, but particularly at low braking 
pressures, the. torque was constant to a greater extent 
than the experiences gained from the deceleration measure- 
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ments laad led us to believe; a proof that the employed 
linings were less susceptible to temperature effects than 
the Ferodp fiber brake lining. At the same time, the de- 
celerations showed a more uniform to constant behavior,' 
The runs, beginning at v = 17 m/s (55,77 ft./sec,) roil- 
ing speed, by full braking effect again ranged between 50- 
"70 m (l64.04-229.65 ft.) (Compare Figures 19 and 20), so 
that the determination of run and decelere.tion could be 
forgone in the subsequent experiments. 

One remarkable feature was the disturbed behavior in 
bralcing' torque of all linings under maximum braking pres- 
sure. At any rate the variations are still within admissi- 
ble bounds. This result is of particular significance *bo- 
caTise of the selection of brake shoo arrangement I (fig, 
3) which, according to previous oxporiment s , revoalod an 
appreciable sorvo action, that is, a weakness to varia- 
tions in the coefficient of friction of the brake linings. 

In j'igure 29 the braking torque is plotted against 
the br airing pressure, that is, the energizing pressure of 
the brake shoes for various brake linings. The scattered 
range differs but little for the .different linings. One 
interesting feature is that the variations during a land- 
ing are still completely superposed by the scattering of 
the values in the different landings in which the same 
braking pressure is applied. According to the curves 
greater braking effect is still possible by raising the 
braking pressure, for there is no sign of approaching a 
maximum. The discrepancies in the different linings is 
discussed in detail in a subsequent paragraph, 

Ihe maximum braking torque of the 1300 X 300 mm 
(51,18 X 11,81 in,) wheer amounted to about 500 mkg 
(3516,49 ft, -lb.) at pull-up, according to Figures 25-28, 
And the question now is pertinent whether this braking 
torque is ample for the size of the wheel, because the ex- 
periments were made with a lower airplane gross weight 
than the permissible loading of the airplane wheel war- 
ranted. Thus it becomes incumbent to exajnine somewhat more 
closely the effect of the surface of the ground on the pos- 
sible braking effect.. 

The coefficient of friction of the tire on the ground 
may be determined approximately, since the impact factor 
of the landing wheel loading and the distribution of the 
gross weight over landing gear and tail skid were not 
measured at the same time. If the airplane is disturbed 
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during rolling, a. shock produces an incrsa^se in the coeffi- 
cient of friction necessary to set up the constant orakiag 
force, till at last the sliding limit is reached and the 
r/heol is "blocked. This T7a.s cspGcially noticoaole on the 
wheel track when the ground was frozen. Landing on a soft 
layer of snow, our grass-covered ground showed the coeffi- 
cient of friction to very small. Even a. moderate "braking 
effect made the airplane slide forward with blocked wheels 
for a distance of 80 n (26o2 ft«) without rooting up the soil. 
To reduce the danger of sliding it is recommended to modify 
the tires and to use a simple antiskid tread. Attempts in 
this direction have alreadj'- been made by sever a.1 tire manu- 
facturers, but unfortunately no acceptable comparative test 
data has been publis'hed as yet. Likewise it might perhaps be 
timely to modify the inside construction of the tire to con- 
form to the higher stresses through the supplementary braking 
forces. 

On the other hand, the introduction of wheel braizes ma.kes 
certain exigencies on the quality of the s^^'O'^-^^^ I^i severa.1 
landings the sod failed to withstand the stress, but sepa- 
rated from the sa,ndy subsoil boneath it and was simply piishod 
aside by the blocked wheel. As a resizlt the wheel dug into 
the sandy soil, the sod in front of the wheel kept piling up 
till at last the airplane began to nose over, even though the 
brake was released. Tor tunatelj'', this occurred at the end of 
the run, so that the airplane did not nose over, however. The 
plausible reason for this soil destruction is that no suffi- 
ciently long effective braking force was available save at low 
rolling speed. Por that reason the sod should be well rooted 
in the subsoil. On the other hand, the profitable ground 
friction of an airplane running on sod is indubitably lower 
than 'of automobiles on dry streets, where coefficients of 
friction up to f = 0.75 are no exception. 

In order to get general idea, let the mea.n ground fric- 
tion coefficient with respect to dead wheel load be computed 
for a maximum braking torque of 500 mkg (3516.5 ft. -lb.) (Com- 
pare fig. 9) , with the airplane with taal wheel as basis, 
predicated on the assumption of absolutely level ground and an 
attitude of rolling toward the end of the run without any ro- 
tation of the airplane around a lateral axis. 
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TABLE Ym Braking Torque for Different Brake Linings 
(Wheel "brake as in fig. 1) 



Brake H 
lining 




Test j 


j^rakm^S j 


3ra?.cing 


torque* inkg 


Ground 


Ho, 


pressure 




iaean 


rainimun 






a.tm. 












155 


1.2 to 1.^ 


126 


100 


90 


o 


concrete 


152 
145 


1.9 
2.7 


200 
500 


170 
250 


140 

200 






146 


4.0 


422 


405 


390 


t:- 
< 


^ 


X o * 


- » v 


on 




30 


o 




155 


1.7 


180 


160 


130 


o 




148 


2.0 


240 


200 j 


170 


u 


sod. 


147 


2.8 


300 


295 'I 


270 




151 


2.8 


270 


270 1 


270 






156 


2.8 


290 


255 


240 






157 


S.9 


415 


385 


340 






150 


4.0 


435 


3 90 i 320 

i 






' — ■- H 

117 


8.2 


185 


175 


150 


i-H 


concrete 


114 
115 


3.0 
3,0 


570 

340 


330 
335 


280 
325 






118 


3.9 


400 


370 


330 






122 


0,8 


130 


110 


100 




123 


1.5 


215 


200 


200 




sod 


121 


2.0 


270 


245 


235 




120 


3,0 


310 


295 


230 






lis 


3,1 


315 


295 


.290 






119 


3,8 


450 


430 


400 






110 


1 to 1.3 


f 160 


125 


110 






109 


2 to 2.2 


220 


210 


200 




concrete 


106 
108 


3,0 
3,0 


260 

320 


255 
300 


250 

275 


O 




111 


3,0 


320 


295 


290 


•draul 




107 


3.1 


280 


270 


260 




101 


1.0 


125 


112 


100 






i 105 


1 to 1.2 


155 


140 


100 






98 


1.7 


245 


230 


210 


•H 


sod 


100 


2,2 


350 


525 . 


310 




99 


2.5 • 


405 


395 


, 330 






102 


(2,5) to 3 


445 


425 


400 






103 


(2,5) to 3 


'500 


460 


435 






112 


5.0 


435 


410 


400 


*Since 


blxe maximu 


.m and 


air.ir.ma fig 


uros occvirred only for very 



short periods, included averages, which really decide the 
amount of braking during the ^hole rtin. 

(nkg X 7.23298 = ft. -lb,) 
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An effective rolling radius of. the airplane wheels of 
about 0.6 Cl*97 it.) yields for the whole airplane a brak- 
ing force on the ground of 

= ^—-4-°- = 1670 kg (3681.72 lb.) 



The resultant of this braking force and the load on the wheel 
yields a total wheel force which approaches the C.G. of the 
airplane a,nd thereby relieves the tail-skid pressure consid- 
erably. The unloading already amounts to 62fo of the availa- 
ble tail-skid pressure for a skid pressure of 

Pg = 550 - 340 = 210 kg (462*97 lb.), 

for an ideal landing in this case. The load on both airplane 
wheels is 4890 kg (10,780.59 lb.) by a utilized ground fric- 
tion coefficient of . 



R 



1670 
4890 



= 0-.342 



To facilitate conversion to other airplane wheels, we include 
the ground friction coefficient reduced for full wheel load 
(tail skid raised) and full wheel ra.diusr- 



f 0.342 X X = 

5100 0.55 



0.3. 



This figure may serve as index in dirnenciuning r^uitable 
brakes for airplane landing wheels, Just at th.-: above figure 
for the obtained tail. skid unloading reprosont s by more than 
60^ an empirical value for the suitable location of the la.nd- 
ing gear ahead of the center of gravity. Since the total ■ 
wheel load, for which the 1300 X 300 mm (51.18 X 11.81 in.) 
wheel - 500 X 50 mm. (19. 59 X 1.97 in.) brake drum - was de- 
signed,, is 3250 kg (7165.02 lb.) , it ensures for this wheel a 
maximum braking torqiie of 



M 



640 .mkg (4529.11 ft. -lb.), 



which is ample for effectively breaking the full gross weight 
of the airplane. If the landing wheel is intended for higher 
gross weights, a larger brake drum is recommended. 



Taking advantage of the test apparatus used for the de- 
termination of the braking torque, we extended the brake ex- 
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pcrincnts to include v.ari ous . brc'Jke linings. We v.sei one "brand 
of soft "brake oand material and two Icinds of hard-pro ssed lin- 
ings. Each firm furnished the brake shoes .'?7ith'the lining in- 
stalled. T7e exaiuined 

a) Ferodo asbestos of the Gorman Perodo company'-, Topken • 

& Co., Berlin-Mariondorf ; 

b) 3rcmskorl, of the North Gorman lirake 3and Coi, ITion- 

burg-T7cser ; 

c) Jurid hydraulic, of the Kirchbach company , Kir chbach 

£: Co. , Cosv/ig-Dresden. 

The friction coefficients obtained with the d.ifferent 
kinds of brake linings being of greatest- interest, \Ye began 
^ith eai int Grpr.otation of the braiding torque mo asureinont s in 
order to define la. This presumes a certain operating atti- 
tude of the shoo brake to nako the calculation of [jl at all 
possible T7hon sorvo action is included. 

T7e used the ideal operating p-ttitudo as defined on pages 
3 a.nd 4 of this report, as basis. In crdor to simulate it as 
nearly as possible, all brake linings were repeatedly braked 
in rolling before the actual measurements took place. In addi- 
tion, a check T7as kept on the soaring qualities during- the 
tests. Strictly speaking, the coruputod] friction coefficients 
arc valid only- for those bral-o-shoe arrangements which vrero 
used in the measurement's. Lastly, the designer of broJs:es 
is not so much interested in the friction coefficient arrived 
a,t in a laboratory under special conditions, but rather in 
that friction coefficient on which he must base his calcula.- 
tion of a certain given bra.ke shoe in =order to; o^rrive at the 
actually produced braking torque. ■ • , . 

The brake drum was of cast -iron e,nd stood up well during 
these experiments. Its disposition in the elektron wheel, 
casting is very rigid as became- evident in the numerous * . 
strength tests with different elektron landing wheel types. 
The rate of slippage on the linings amounted to about 8 m/s 
(26.3 ft. /sec.) under the first: full' braking effect. 

Since braking periods, bra:klng torques, and cooling con- 
ditions are. of the same order of magnittide .in all erqoeriment s 
with equal brs,king pressur-e, it' was not attempted to e:?:amine 
the temperature effect, separately. Satisfactory comparison 
is obtained by simply plotting the* coefficients of friction 
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of the brake linings ?.gainst the surface press^ire. Jigiiros 
50 to 33 reveal the computed coefficients jj, based upon the 
naxiraum and minimum figures of the braking torques {Compare 
Table V) . It should be noted here that the surfa.ce pressure, 
as a result of the servo -action in the brake-shoe arrange::aent 
aside from the set braking pressure, is still dependent on 
the. friction coefficient itself, so that corresponding iriazi- 
mum sind minimurii values of \i pertaining to braking T7ith con- 
stant pressure are oblique to one another in the sc.3.ttere.d 
field of the curves, as becomes readily apparent in the dia- 
graius. 

The comparison of the individual linings yields the fol- 
lowing picture; all linings reveal, as alree.dy soon from the 
braking torques, smaller variations in \i within one landing 
than the total scattering zone of different landings with 
equal braking pressure. The soft Porodo a-sbestos showed the 
least variation in the \i coefficients, the average was 
\x = 0,5? ^.nd was unaffected by the surface pressure. . The 
Bremskerl lining showed about the same axiiotint of scattering 
as the Perodo asbestos but a decrease in \x as the surface 
pres.sure Increased. The average was about \i = 0.5 by small 
surface pressure and \i = 0.38 by full pressure. ' The .high- 
est |j. by full braking pressures were obtained with the 
Jurid hydraulic lining, whose scattered zone was likewise 
somewhat smaller than for the other brands. One peculiar fea- 
ture was the difference between braking on sod and braking on 
concrete. Whereas the. coefficients of friction for Perodo 
and Bremskerl, according to tests on concrete, still fall 
within the zone of the values measured on sod, the correspond- 
ing |Ji for Jurid hydraulic are m.aterial.ly lower and wholly 
outside of the scattering zone (Compare figure 32). Contrary 
to expectation, the braking effect when rolling on concrete 
was. less, although the airplanQ shakes less than when rolling 
on sod. The mean u for. braking on sod ajaounted to \i - 0.*48 
for the Jurid hydraulic, and was practically unaffected by 
the amount of sizrface pressure. In the other two brands the 
coefficient of friction was therefore higher than the labora- 
tory tests foretold. Eigh jjl coefficients are desirable to 
avoid high surface pressures. 

In order to confirm the effect of oily brake linings on 
the deterioration of the friction cooificiont, we made several 
other measurements with oiled linings. To produce the worst 
possible condition, the shoes were removed and soaked in. 
Voltol J- motor oil; 40 hours. for Perodo asbestos and Jurid • 
hydraulic, and 15 hours for Bremskerl. Then the shoes V7er-e 
replaced and the tests continued. The results were as folr--. • 
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lows; In the Ferodo "brand the braking effect was practically 
gone; at least., it was so. small that the airplane could no 
longer "be maneuvered by using the "brake for steering. Jurid 
was slightly "better at first, but after a few "brakings, be- 
came just as bad as the first. Bremskerl still showed some 
considerable braking effect, so that we made various measure- 
ments on it, after which its shoes were again removed and 
again soaked in oil for 40 hours. The results were the same 
as before. 

Figure 33 depicts the coefficients of friction computed 
from the measurements with respect to the surface pressure. 
With the exception of a very few points the oiled linings 
still show satisfactory \x coefficients, even though the 
scattering is slightly greater. The average is {Ji = 0.33, 

Undoubtedly the hardness of the brake lining has some ef- 
fect on its behavior in internal expanding brakes with servo 
action. • To gain some insight into the elastic behavior of 
these three brands of brake lining, a number of compres-sion 
tests were made with a set of new linings. (See fig. 34.) 
The loads were applied in stages of 50 kg/cm^ (711.18 lb./ 
sq.in.) surface pressure, each stage consuming about 20 sec- 
onds. (Compare fig. 35,) This test revealed a pronounced de- 
viation from Hookers law in all throe linings for the first 
and second stages of loading, accompanied by the remarkably 
great hardness of Jurid and the high energy absorption in the 
softer linings. The actual caso of braking is more nearly 
simulated when loading in stages with subsequent unloa,ding to 
zero, as appended in Figure 35. Hero the rate of loading was 
20kg/cm^ (284.47 lb. /sq.in.) surface pressure, and the pro- 
portionality between work absorbed and compression is much 
better expressed, although the unloading curve still shows a 
pronounced curvature. The range of compressibility for re- 
peated loading is seen in F.igure 37". According to it the 
Bremskerl lining uses the highest load factor before a bal- 
anced attitude is obtained. 

The appearance of all brake linings. was good during the 
tests. There was no sign of local thermal overstrossing. 
Figures 38 to 40 show the used linings after completing the 
experiments. The . piece broken off the corner of the Jurid 
lining attests to its hardness. The break was most likely 
caused by the adjacent rivet hole. Ordinarily, Jurid is fur- 
nished with hydraulically drilled holes, while in those par- 
ticular shoos the linings were attached afterward. The wear 
was slight, and since . the number of brakings in an airplane 
are so much less than in automo"biles, the conventional briake 
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linings should present ho difficulties in this respect. 

In connection with these ezq^eriments it might be of in- 
terest to point out, in brief, the fundamental difference 
"between an ^.irplane and an automobile brake. In compa.rison . 
to the importance of brakes for automobiles and to the fre- 
quency of use their significance for airplanes is decidedly 
less* Yet the requirement of minimum structural weight of 
the airplane brake is much more stressed than in automobiles, 
because the whole landing gear presents nothing but ballast 
in flight, lloreover, the airplane brake is xised for steering 
and maneuvering on the ground, and in normal flight opera- 
tions the use of one or the other wheel brakes for steering 
is much more important than braking after landing. It is 
only in an emergency landing that the wheel brake fulfills 
its real purpose. Since there is no occasion for using a 
brake when rolling backward, the designer of airplane brakes, 
of servo brakes, for instance - is decidedly less restricted 
than the designer of automobile "brakes. Whereas the automo- 
bile brake undergoes its highest stresses as speed brake on 
down-hill grades, the airplane brake assumes a special impor- 
tance as locking brake, when slowing down the engine at high 
static propeller thrusts and where perhaps greater braking 
forces are required than the admissible retardation during 
rolling. 

If we compare the obtained braking effect with the fig- 
ures encountered in automobile practice, we find for automo- 
bile brakes and pneumatic tires, the following, figures for 
braking, beginning at 60 km/h (37.28 mi ./hr speed (Schenck, 
'Hochstwerte der Fahrbahnreibung. " Automobiltech. Z., Vol. 33, 
No. 3, . 1930JL. • ' 





Admi ssible 
f i gur e s 


Averages from 
4 wheel brake 
tests 


Top 
f i gur e s 


Braking 
distance s 
m 


27.1 


22.6 • 


15 


Coefficient 
of ground 
friction 
f 


0.52 


0.63 


0.945 


Deceleration 
m/ s^ 


b 


5*1 


6.2 


9.25 



(m X 3,28083 = ft.) 
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Jrom the preceding experiments with airpl ane brakes the 
figures are (,that| par.t - of • the run,^ "beginning at 50 km/h roll- 
ing speed) : i' lilrv '' . ' 



• ' • • 


Averages 


Top, figures • 


; Braking 
dista,nco s 
m 


• 55 


/ 40 .. 


Coefficient 
of ground 
friction 


0.26* 


.0.355 


f 






Deceleration b 
m/ s^ ' . ■ 


2.55 ' 


3.5, 



The figures are, in . conf orrai ty wi th a\it omobile practice, 
arrived at by assuming the braking force on the wheel periDhr 
ery as constant and the absence of any other re si stance ' dur- ' 
ing the rtin* These presumptions are less admissible for aii- 
airplane (air resistance, for example). The already cited 
top figure for coefficient of ground friction f = 0.342, 
computed directly from the braking torque meastir oment is ; *' 
therefore below the above figure, while the absolute top. fig-, 
ure of the deceleration for normal landing with.;,4.0 m/s^ ' 
(13.12 ft./sec.^) is higher than conforms to the shortest' 
"braking distance." • ' 

As in automobile design, so also, but in greater degree, 
the amount of attainable braking effect is a question of 
ground condition, to which must be added the danger of nos- 
ing over in smaller airplanes. So any material raise in the 
above figures is not likely to occur. lio3:'eover, there Is no 
such great need for it as in automobiles whore a. matter of a 
few feet ma,y become very vital, indeed. 

In computing automobile brakes the contracting firms 6f ' 
brake linings usually furnish friction cdofficients as stand- 
ards which are even below the averages so as to ensure that 
the braking effect, for which the brake was built, is really 
obtained* In contrast to this, it is interesting to know the 
possible peak -in friction coefficients fpr. airplane braies, 
so that the braking effect, principai;Ly.;tt -servo brakes with 
regard to n'osing over and landing gear stresses, docs not in- 
crease abnormally high while the pilot expects normal brak- 
ing effect. 
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As concerns the thermal ..str esses, the brr>ing .'periods 
a,rG much nor 0 favorablo for airplane "broios than f or.: r.-atomo- 
/bilo bro-kos, ?ull brako . application o,f tor landing o-lways "bo- 
gins .with a -colcL.. broiie drum. 

'To illustra.te the; conditions, , let us compute the amount 
of energy to be decelerated per . 1 ■ cm^ braise lining in one 
second brake period. With ^ = surf ace. pressure, v = rate 
of siippa-ge, and -. .coefficiont of friction of -thq brake 
lining, the energy .amount s to . . •• , . 

^/ A - q ja-v . . V ■ ' 

. cm"' s. • . . 



For e,bout v = 8 m/s maximum rate of slippage at the 
beginning of braking, the top figur.os for A .are: 





Porodo 
asbosto.s • 


Bromskorl 


. Jurid 
■ ■ixydrav.lic 




• 0.:4 


0 .43 . 


■ ■ 0 ,-5 


q kg/cm^ 


12.2 


12.0 


11.3 


cm^ s 


39 


40.3 . 


• . ■ 45 



(kg X 2.20452 - lb.) (cm X . 155=sq, in« ) (rnkgX? . 23298=f t ,-lb . ) 



For the cooling conditions existing in automobiles, a 
specific friction of from 25 to 55 mkg/cm^ s is considered 
admissible,* which, however, is frequently exceeded with low 
pressure wheels. If \7e reflect that the cooling in the a,ir- 
plane is perhaps sonGwha.t bettor, but that, on the other liand, 
the above figures will perhaps bo still higher witli a gross 
weight of 6500- kg (14330.03 Id.) and the same rate of decel- 
eration, it becomes a.pparcnt that the stated limit ha,s per- 
haps boon already reached. Improvements v/ill entail smaller 
surface pressures and subscquontly .greater braking surfaces, 
such as ha.s already been applied to this same wheel for 8«5 
ton gross weight. 

Tho primary purpose of the experiments on airplane bralr.es 
was to acqur.int tho brake designer with- the special conditions 
under .which : airplane- brakes ha.ve to work^ an(i to give the .tiir- 

♦Kollinok, "liohr Sromsf lacho • " Dor I-Iotorwagcn , Vol* 31, 1928, 
ITo, 18, p.- 399. 
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plane designer some points on the effect of "brakes on the con- 
struction £ind characteristics of the airplane as a whole, 
Iloroovcr, it was to show the airplane owner whr^t the require- 
ments of a good airplane brake should to. Our aim heroin was 
to encourage the use of tail skids or tail wheels with land- 
ing wheel "brakes and thereby protect the landing fields of 
e.irports and at the same time increase the safety of commer- 
cial aircraft in forced landings. The most recent tendencies 
to iraprovo the elastic properties of landing gears Dy using 
very low air pressure in tires will eventually result in much 
sma.llor wheels. This has been carried so far in low pressure 
tiros-:- with internal pressures of from 0.5 to 1,0 atmosphere, 
that the wheel body is merely a. thick hub. This moans great- 
er difficulties in ensuring sufficient braking area and heat 
dissipation. * ■ 

Lastly, these experiments wore not intended to furnish 
conclusive, estimc^tos as to tlio merits and demerits of any def- 
inite type of internal expanding shoe brake or brake lining. 
That would entail decidedly more research than the scope of 
any study on wheel brakes and their application to aircraft 
embra.ces. 



Translation by J, Yanier, . 
national Advisory Committee 
for Aeronautics. 



♦While this report was being printed the static tost section 
of the U.VgL, started experiments with American G-oodyoar 
low-pressure airplane wheels and brakes. 
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Figs. S,9 




-20.0 0 0 20° 

-a. +a 
Fig. S Effect of location on v;iag:init-adG of normal force resultant for 
■ arliitrarily shaped TDraLco shoe. The resultant eque.ls 100^ in 

..gt the center of the lining. |j,=0.5 is constant. 
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Figs. 10,11,12.13,14.15.16 




Fig. 10 Ca'bin of experimental 
airplane. 




Fig. 11 Junkers a24 of the DVL 

equipped with "brake 
test apparatus. 




Time mark 
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yig. 14 Dynamometer recording the 
braking torque. 



A J When land- 

in<^ wheels 
touch ground 
Morse signo' 
gi^en. 

8, A I rp fane 
bounces 

C, Morse sig- 
nal of stop- 
page 9f land- 
ing wheels. 

D, Test wheel 
contact. 
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Fig. 12 Optograph record of 

landing without brakes. 
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^/ 0' M 



Tig. 15 Steerahle "broad tail skid 
used for brake experiments 
Ground pressure about 1.2 kg/cmi^. 
U7.07 Ib./sq.in.) 




Fig. 13 Optograph record of 

landing with full 
braking effect. 



Fig. 16 3 80 X 130 mm U4.96 x 5.12 

in.) steerable tail wheel 
of elektron with solid rubber tire 
and recoil spring. 
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Figs. 19,20 
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Fig. 13 The runs of Pig. 17 '"nd IG' plotted against time of rolling, 
"but "begining at v = I7 m/ s (6l.2 Isn/li) (30 ni./iir.) rolling 
speed. 
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Figs. 21,22 
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S'igs. 23,2^ 
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Pigs. 25,26.27,28.29 




^ Bremsze/f •*\ <^ joo 

Braking period ^ 
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Pigs. 30,31.32 
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.Pig, 30 Coofficionts of friction 
for Porodo asbestos con- 
pxited fron the "braiding torques of 
Fig. 26 plotted against the surface 
pressure of tlio lining. 



Fig. 31 Go©xficionts of friction 

for Bronskcrl conputod 
fron the "bralring torque of Fig. 27 
plotted afc^i-^st the surface pressure 
of the lining. 
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Fig. 32 Coefficients of friction 
for Jurid hydraulic con- 
puted froa the "braking torques of 
Fig. 23 plotted against the surface 
pressure of the lining. 
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S'igs. 33,37 
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Fig, 33 Coefficients of friction for "oiled" Bremskerl 

plotted against the surface pressure, as computed 
from tests after I5 and ko hours soalcing in oil. 
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Figs. 34.35.36,38.39,40 







Fig. 38 Ferodo "brake shoes 
after tests show- 
ing even wear. 




Fig. 39 Bremskerl tralce shoes 
after tests. 



Fig. 34 Loading of brake lining 

to ascertain its elastic 
property. a=specimen. h=Zeiss stress 
gauge. 
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Fig. ^ Jurid hydraulic brake 

shoes after tests. 
The tjrpe of brake at the cor- 
ner attests to the hardness of 
the material. 
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400-^, Fig. 35 Surface pressure 

^ against compression 

200^ after twice loading to 50 
" kg/cm2 (711.17 Ib./sq.in.) 
0 surface pressure. The reduction 
to equal strengths in the lin- 
ings was foregone, since it 
does not alter the conditions 
to any extent. 



.£ Fig. 36 Surface pressure 

against compression 
for different brake linings 
by 20 kg/cm2 (284.47 Ib./sq.in.) 
load stages. The scale is not 
the same as in Fig. 35 



